Although lead has been extensively studied in children, its sources and effecs remain undear in adolescents. This study examined the relation ofblood and tibia bone lead levels to lead determinant. One hundred adolescents living in Mexico City and surrounding suburbs were studied.
http://ehpneal.nies.nih.gv/docs/1998/106p733-737farias/abstchsml Lead remains one of Mexico City's primary environmental pollutants despite increasing use of unleaded gasoline and recent regulations governing paint containing lead, leadsoldered cans, and lead-glazed ceramics (1) . This is of concern because health effects related to lead are being documented at ever lower levels. Indeed, no threshold has been identified below which lead exposure can be considered safe (2, 3) .
Much investigation has focused on the effects of lead in children, but adolescents have been largely understudied. Because behavior patterns change with age, sources of lead exposure may vary in populations of different age distributions (1) . Maternal lead levels transferred to the fetus via the placenta or to the breast-fed infant via breast milk and environmental exposures via hand-mouth behavior are responsible for the high exposure levels observed during early development. Subsequently, exposure from ambient lead diminishes and internal sources (mostly bone lead) may become more important as a chronic source of endogenous lead.
Adolescence is a uniquely important period in relation to lead effects because physical growth is at a rapid and final stage and therefore vulnerable to lead action (4) . In addition, growth-induced bone turnover may also release lead stored in bone, thereby increasing the amount of lead dose and toxicity elsewhere in the body. Lead toxicity may worsen school performance during these years (2, which, in turn, may play an important role in determining a young adult's subsequent pursuits. Of note in this regard is a recent study linking bone lead levels to an increase of antisocial, delinquent behavior in teenagers (5) .
In this study, we describe the determinants of bone and blood lead and compare the influence of bone lead to environmental factors in determining blood lead levels in a group of adolescents living in the Mexico City area.
Materials and Methods
Study population. Using a cross-sectional study design, we examined a group of 100 adolescents between 1 (8, 9) . In brief, the counted, and arrayed on a spectrum. In the final multivariate model of LBPb after backward elimination (Table 3) , covariates included male sex, use of leadglazed ceramics in the past, current use of lead-glazed ceramics, living in Mexico City, and tibia bone lead. Bone lead accounted for 4.1% of the variation in blood lead levels (in comparison with a total model adjusted r2of 0.39). We observed a moderate relation between tibia bone lead and blood lead levels (Fig. 1) . A rise in bone lead from the middle of the lowest quintile to the middle of the highest quintile (a difference of 21.6 pg Pb/g) was associated with an increase in blood lead of 1.2 pg/dl.
Low calcium intake was marginally associated with blood lead levels. In comparison with the rest of the group, participants who had a calcium intake in the lower quartile (mean 623 mg/day) had higher blood lead levels (1.85 Bone lead (1Rg/g bone) Figure 2 . Frequency distribution of bone lead levels observed in teenagers in Mexico City, Mexico, and in Randolph, Massachusetts (n = 500, age range: 114-18.9 years).
this study raises the risk of Type I and II errors, making these kinds of inferences quite tentative until they can be confirmed in future studies. Another limitation of our study was its cross-sectional nature, which does not allow one to deduce either how bone and blood lead levels may have varied at earlier phases in the lives of these adolescents or the directionality of the associations found. Adolescents who smoked had significantly higher blood lead levels than nonsmokers, but their bone lead levels were not statistically different. It is likely that adolescents had been smoking for a relatively short time, enough to alter blood lead levels, but not long enough for this lead to accumulate in bone. However, tobacco exposure through maternal smoking was observed as an important predictor of bone lead in adolescents. This is plausible because cigarettes, cigars, and pipes from Mexico and the United States are known to contain lead concentrations ranging from 0.55 to 25.5 mglkg (1). Lead in tobacco is most likely derived from contamination with lead arsenate pesticides (16) . Although an association of smoking with elevated blood lead levels has not always been observed (17) , our data are consistent with those reported in a study of middle-aged to elderly men by Hu et al. (18) , who noted a significant association between pack-years of smoking and KXRFmeasured bone lead. Because 60% of adolescents in this study reported at least one smoking parent, tobacco may be a very prevalent source of lead accumulation in children. Unlike other environmental sources of lead, the control of which requires governmental regulation, tobacco exposure in the home can be more easily controlled on an individual basis. Thus, from a public health perspective, it is important to provide parents and adolescents with information about this additional detrimental health effect of smoking.
We observed a marginal inverse association between calcium intake and blood lead levels. However, we did not find a significant influence of dietary calcium on bone lead levels. This is in contrast to the inverse association reported between calcium intake and blood lead levels among children 1-11 years of age, who participated in the Second National Health and Nutrition Examination Survey (NHANES II) (19) and the protective effect we found in our study of bone and blood lead levels among lactating women (9) . It is not possible to determine if this was due to the lack of a biological effect, the small sample size studied, or the difficulty in measuring adolescent dietary nutrients using a semiquantitative food frequency questionnaire.
The significant association of bone lead with blood lead levels, even after adjusting for environmental variables, supports the hypothesis that endogenous lead in bone constitutes an important source of circulating lead in adolescents. As stated earlier, the cross-sectional nature of this study limits our ability to draw inferences on the directionality of the relationship between tibia and blood lead. We are not aware of any other investigations that have studied the relation between blood and bone lead levels in adolescents. Nevertheless, our results are similar to those described in other age groups.
Recently, in a study of blood lead levels during lactation among women living in Mexico City (9) 10 pg/dl (20) . We observed a mean blood lead level of 7.4 pg/dl in the adolescents studied. Despite this progressive decline in blood lead levels, the influence on bone lead levels of traffic density in relation to each subject's home and time spent outdoors clearly demonstrates the impact of previous air lead exposures on cumulative lead burden.
A comparison of our results with bone lead levels found in a recent study conducted in the Boston area among 500 students aged 13.4 to 18.9 years did not reveal large differences in mean levels of tibia bone lead (Fig. 2) . In a study of 23 adolescents [18] [19] [20] [21] years old (21) , 66 young adults with a mean age of 20.5 years (22) , and 169 students 13.5-19 years old (23) , mean tibia lead levels were 3.0, 1.3, and 4.0 1ig Pb/g, respectively. On the other hand, our study included some individuals with very high bone lead levels. Twenty six (26%) of the subjects in this study had bone lead levels >10 pg/g, whereas the percentages of subjects that had bone lead levels >10 pg/g of the previously mentioned studies were 0%, 3%, and 8%, respectively. Moreover, significant correlations were found between environmental factors and bone lead in our study, but not in the Boston studies, despite the use of similar techniques. The relatively small differences in mean bone lead levels may be due to general washout of lead in the skeleton during the rapid growth of the teenage years, a phenomenon predicted by kinetic modeling (24) .
In conclusion, a number of environmental factors were found to be related to bone and blood lead levels in this group of Mexican adolescents, reflecting current and past sources of lead exposure. Although the lead levels themselves were not exceedingly high and within an order of magnitude to those observed in the United States, recent epidemiological studies indicate lead neurotoxicity at even low levels and should spur continued efforts at reducing exposure as much as possible. In addition to regulatory efforts to reduce environmental sources of exposure, there are various personal behaviors that can be changed, such as the use of lead-glazed ceramics and smoking. Finally, this study and others suggest that lead accumulated in bone from historical exposures may serve as an important endogenous source of circulating lead. Further research is needed to see if bone lead is a biological marker of dose that independently predicts toxicity. Measures may be needed to mitigate the effects of lead stored in bone as a secondary prevention strategy.
